Background/objectives: The aesthetic impact of malocclusion can have negative repercussions on quality of life, social interaction, interpersonal relationships, and psychological well-being. The aim of this study was to evaluate the impact of malocclusion on the quality of life of Brazilian adolescents. Methods: A representative cross-sectional study of 1612 adolescents from Belo Horizonte, Minas Gerais was conducted. The adolescents responded to the Brazilian version of the Child Perception Questionnaire (CPQ 11-14 -ISF:16) to assess the impact of the condition on quality of life. Cases of malocclusion were diagnosed using the Dental Aesthetic Index while clinical examination was performed by three calibrated examiners. Data regarding traumatic dental injuries, dental caries, gender, type of school, age and social vulnerability was collected. Data analysis was performed using bivariate and multivariate Poisson regression with robust variance (P < 0.05). Results: The prevalence of malocclusion was 31.3%. The presence of definite malocclusion (PR = 1.28; CI = 1.13-1.45), severe malocclusion (PR = 1.24; CI = 1.04-1.47) and handicapping malocclusion (PR = 1.55; CI = 1.31-1.84) was associated with a greater negative impact on Emotional Well-Being. The presence of definite malocclusion (PR = 1.18; CI = 1.02-1.36), severe malocclusion (PR = 1.46; CI = 1.21-1.76) and handicapping malocclusion (PR = 1.61; CI = 1.35-1.94) was also associated with a greater negative impact on Social Well-Being. Conclusions: Adolescents with handicapping malocclusion, where the need for treatment was mandatory, suffered from a greater negative impact on quality of life, with emotional and social aspects most affected.
Introduction
Malocclusion is a change in the process of maxillary growth and the positioning of the teeth that can result in physical, psychological and social consequences (1) . It affects the smile, which is a fundamental part of facial appearance and emotional expression (2) . In addition, the aesthetic impact of malocclusion can have negative repercussions on quality of life, social interaction, interpersonal relationships, and psychological well-being, as well as producing feelings of inferiority (1) . Individuals who suffer less from dental and facial problems are judged to be more socially competent and more intellectually and psychologically well adjusted (3) .
The negative impacts associated with malocclusion can be particularly relevant for adolescents who can become the target of teasing, name calling and intimidation (4) . When studying quality of life in adolescence, all the peculiarities inherent to this phase of life European Journal of Orthodontics, 2017, 628-633 doi:10.1093/ejo/cjx020 Advance Access publication 25 March 2017 should be taken into consideration. The adolescent period sees social bonds established based on the acceptance of individuals by a wider group and developing a personal style that satisfies both themselves and others (5) .
Estimating the negative impact caused by malocclusion helps us to discover the needs of individuals in a society and thus direct public health actions and policies more effectively toward the prevention and treatment of these occlusal disorders. The identification and early treatment of individuals with malocclusion is important for public health, as it directly impacts on the cost of treatment, as preventive and interceptive orthodontic practices, even those applied in a restricted manner, can improve occlusion during pre-adolescence and adolescence (6) . Additionally, clinical orthodontists should listen to the needs of their patients, in order to provide a better-quality service that meets the expectations of those patients. This would increase the chance of patient collaboration, which is critical to the success of orthodontic treatment.
There are few studies in literature based on the relationship between malocclusion and quality of life using representative population-based samples, which control the association between exposure and outcome through the collection of confounding variables (7) . Further studies are therefore needed to provide additional evidence of this association. Therefore, the objective of this study was to assess the impact of malocclusion on quality of life in a representative sample of Brazilian adolescents, controlled by sociodemographic and clinical confounding factors.
Subjects and methods
This cross-sectional study was conducted in Belo Horizonte, the capital of the state of Minas Gerais in Brazil. The study was carried out with 1612 randomly selected adolescents aged between 11 and 14 years. Initially, one private school and one public school were selected from each of the nine administrative districts of Belo Horizonte. One classroom was then randomly chosen in each of these schools. A letter was delivered to the parents or guardians of the selected adolescents explaining the purpose, importance and methods of the study. In line with the ethical requirements of human research, recipients were also asked to sign an Informed Consent Form if they were willing to allow their children to participate (Resolution 466/12 of the Brazilian National Health Council). The study was approved by the Human Research Ethics Committee of the Universidade Federal de Minas Gerais (Minas Gerais Federal University).
Sample size calculation
Sample size was calculated with an error of 4, a confidence level of 99.0%, and a prevalence of 27% for the impact of malocclusion on quality of life (5) . To increase accuracy, a correction factor of 1.8 was applied, as the multistage sampling method was used instead of simple random sampling (8) . The minimum sample size required to meet the requirements was estimated at 1470 subjects. This was increased by 20.0% (n = 1764) in order to compensate for possible dropouts.
Dependent variable
For the evaluation of oral health-related quality of life (OHRQOL) the short Brazilian version of the Child Perception Questionnaire (CPQ 11-14 -ISF:16) was applied, having been validated for use with Brazilian adolescents (9) . This instrument aims to determine the impact of oral and orofacial alterations on quality of life according to the views of adolescents themselves. The CPQ 11-14 -ISF:16 is composed of 16 questions distributed across four subscales: Oral Symptoms, Functional Limitations, Emotional Well-Being and Social Well-Being. Each question addresses the frequency of events in the previous three months. A scale of responses with the following options is used: 'never' = 0; 'Once/twice' = 1; 'Sometimes' = 2; 'Often' = 3; e 'Every day/almost every day' = 4. The CPQ 11-14 -ISF:16 was self-applied. Higher scores indicate a greater negative impact on quality of life (9) .
Independent variables
Independent variable of interest-malocclusion Malocclusion was measured using the Dental Aesthetic Index-DAI, calculated using a regression equation: (missing visible teeth × 6) + (crowding) + (spacing) + (diastema × 3) + (greater anterior maxillary irregularity) + (greater anterior mandibular irregularity) + (anterior maxillary overjet × 2) + (anterior mandibular overjet × 4) + (anterior open bite × 4) + (anteroposterior molar relationship × 3) + 13. The DAI value is the sum of this equation. The DAI results classify the need for treatment and the severity of malocclusion in a population. A DAI value of ≤ 25 corresponds to occlusion without abnormalities or mild malocclusion, with no necessity for treatment or a slight necessity; a DAI value between 26 and 30 refers to definite malocclusion with necessity for elective treatment; a DAI value between 31 and 36 represents severe malocclusion with treatment highly advisable and a DAI value of ≥ 36 corresponds to very severe or incapacitating malocclusion with a fundamental need for treatment (10) .
Other independent variables
Some clinical and socioeconomic criteria were collected due to their potential to interfere in the association between malocclusion and OHRQOL. The independent confounding variables were traumatic dental injuries, dental caries, social vulnerability, type of school, age and gender. The age and gender variables were collected using a characterization form for adolescents.
The criteria proposed by Andreasen were used for the diagnosis of traumatic dental injuries (11) . This variable was dichotomized by the absence or presence of trauma. Dental caries were evaluated using the DMFT index, recommended by the World Health Organization (WHO) to measure and compare the occurrence of dental caries in populations. The DMFT value expresses the average number of teeth that are decayed, missing or filled in a group of individuals (WHO) (12) . This variable was dichotomized into DMFT = 0 and DMFT ≥ 1. Type of school was dichotomized as private or public schools. In Brazil, it is common for public school students to belong to families with lower income and educational levels. Therefore, type of school could be used as an alternative indicator of socioeconomic status (13) .
The Social Vulnerability Index, developed by the municipal council of Belo Horizonte, was used to measure the vulnerability of the population in terms of social exclusion. It was used as an additional socioeconomic status index, as it allows the social reality of the city to be analysed and identified, with the purpose of providing efficient management according to the level of development of each population. For this, the 81 planning units of the city were analyzed according to five 'Citizenship Dimensions': Environmental-access to housing and basic infrastructure; Cultural-access to education; Economic-access to income and work; Legal -access to legal assistance; and Survival and Safety-access to health, food security and social security (14) . There are five different classes ranging from Class I, which comprises the most socially vulnerable families, to Class V, made up of the least socially vulnerable families (15) . The SVI was dichotomized into high social vulnerability (Classes I and II) and low social vulnerability (Classes III, IV, and V).
Training and calibration exercise
The clinical exams were performed by three calibrated dentists, who participated in theoretical training exercises and clinical calibration based on criteria proposed by the DAI (malocclusion), the WHO (dental caries), and the Andreasen classification (traumatic dental injuries). The theoretical training for the DAI was performed using plaster models, with the objective of discussing the main clinical characteristics of each condition. For dental caries and traumatic dental injuries, photographs were used. For clinical calibration, 44 adolescents who did not take part of the main study sample were examined by each of the three dentists separately, in order to determine inter-examiner agreement. After 1 month, 10 children were reexamined in order to calculate intra-examiner agreement. The kappa values obtained were 0.84 for inter-examiner agreement and 0.90 for intra-examiner agreement.
Pilot study
A pilot study was conducted with a sample of 66 adolescents who did not participate in the main study. The objective of the pilot study was to test the study methods, such as clinical examination and questionnaire administration, as well as to prepare the examiners. This did not result in any need for changes in the methodology for the main study.
Clinical examination
The adolescents were examined in their own schools in a predetermined order, during class time. Artificial lighting was used (Petzl Zoom headlamp, Petzl América, Clearfield, UT, USA) and the examiners used appropriate personal protective equipment. Disposable mouth mirrors (PRISMA®, São Paulo, SP, Brazil) and millimetre probes (OMS-621 Trindade, Campo Mourão, Parana, Brazil) were used in the clinical examinations.
Data analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS for Windows, version 22.0, SPSS Inc., Chicago, IL, USA). Data was analysed using descriptive statistics (mean and standard deviation), Spearman correlation, bivariate and multivariate Poisson regression with robust variance. Multivariate analysis was performed to verify the impact of malocclusion on the OHRQOL of adolescents, independently of socio-demographic conditions and other clinical variables. The significance level adopted was 5%.
Results
In this study, the sample consisted of 1612 adolescents, representing the population aged between 11 and 14 years resident in Belo Horizonte, Brazil. A total of 940 (58.3%) individuals in the sample were female. Due to the high response rate (91.4%), the sample size was slightly larger than the minimum calculated as necessary (n = 1764). The majority of these adolescents came from areas of high social vulnerability (67.5%). The prevalence of malocclusion was 31.3%, of which the majority had definite malocclusion (17.3%), followed by severe malocclusion (7.2%), and handicapping malocclusion (6.8%).
The results of the bivariate Poisson regression analysis identified associations between the Oral Symptoms subscale and the female gender (P = 0.010) and DMFT ≥1 (P = 0.025); the Functional Limitations subscale and the female gender (P < 0.001) and public school (P = 0.021); the Emotional Well-Being subscale and the female gender (P = 0.006), high SVI (P = 0.029), public school (P = 0.012), DMFT ≥1 (P = 0.004) and definite and severe malocclusion (P < 0.001); and the Social Well-Being subscale with high SVI (P < 0.001), public school (P < 0.001), DMFT ≥1 (P < 0.018), and definite (P = 0.018), severe and handicapping malocclusion (P < 0.001). In relation to overall CPQ, there was an association with the female gender (P < 0.001), public school (P = 0.01), DMFT ≥1 (P = 0.003), defined malocclusion (P = 0.024), and handicapping malocclusion (P < 0.001) ( Table 1) .
The results of multivariate Poisson regression analysis showed that all categories of malocclusion were statistically associated with the Emotional and Social Well-Being subscales after adjustments were made for age, gender, SVI, type of school, DMFT, and traumatic dental injuries. Adolescents with definite malocclusion (PR = 1.28; CI = 1.13-1.45; P < 0.001), severe malocclusion (PR = 1.24; CI = 1.04-1.47; P = 0.015) and handicapping malocclusion (PR = 1.55; CI = 1.31-1.84; P < 0.001) suffered a greater impact on the Emotional Well-Being subscale than those without malocclusion or with mild malocclusion. In relation to the Social Well-Being subscale, adolescents with definite malocclusion (PR = 1.18; CI = 1.02-1.36; P = 0.024), severe malocclusion (PR = 1.46; CI = 1.21-1.76; P < 0.001) and handicapping malocclusion (PR = 1.61; CI = 1.35-1.94; P < 0.001) exhibited a greater impact than those without malocclusion or with mild malocclusion. An association between overall CPQ and defined malocclusion (PR = 1.11, CI = 1.01-1.21, P = 0.022) and severe malocclusion (RP = 1.26, CI = 1.42, P < 0.001) was also observed (Table 2 )
Discussion
According to the results of this study, there is a significant association between the severity of malocclusion and the Emotional and Social Well-Being of adolescents, corroborating previous studies found in literature (5, 16) .
Concern for dental aesthetics is very common in today's society, as it has a direct effect on quality of life, principally in relation to social acceptance (17) . Previous studies have suggested that unsatisfactory dental aesthetics may have a negative impact on the Social and Emotional Well-Being of individuals (1, 5) . According to some studies, the presence of aligned teeth exerts a strong influence on the perception of beauty and is identified with professional success and intelligence, and associated with individuals who are socially more successful (18, 19) . A study has shown that in adolescence, physical appearance is of great importance for the construction of personal identity and, therefore, adolescents seeking orthodontic treatment are concerned with social acceptance (20) , especially in the school environment, where adolescents spend much of the day and maintain personal relationships. Although the use of fixed braces can cause pain and discomfort, the desire to have aligned teeth overcomes these drawbacks (21) . Acceptance by the group is influenced by factors such as oral characteristics, including the position, color and shape of teeth. When these do not meet the expectations of the group, an individual can be rejected and intimidated, which can affect their self-image and quality of life (22, 23) . Spearman Correlation. *P < 0.05; **P < 0.01; ***P < 0.001.
Some studies regarding the association between malocclusion and OHRQOL in adolescents aged between 11 and 14 years (5, 24) obtained similar results to the present study. The first study on this theme was carried out in 2006 in Brazil, using the same instrument to measure malocclusion (DAI), but using a different instrument for OHRQOL, the Oral Impact on Daily Performance (OIDP). This study found that 27% of the sample reported a negative aesthetic impact on their daily routines due to malocclusion (5) . In 2013, another Brazilian study demonstrated that severity of malocclusion corresponded with a higher CPQ11-14 score, and therefore a greater negative impact on OHRQOL. However, this study was conducted with a sample containing adolescents from public school only (24) . Other cross-sectional studies using CPQ as a quality of life instrument obtained results similar to the present study. However these studies were conducted using hospital-based, convenience samples (25, 26) . Literature on the subject offers evidence to suggest that malocclusion negatively impacts the quality of life of adolescents, despite the scarcity of population-based studies (4, 5, 24) . The present study was population-based, using a representative and randomized sample of adolescents studying in public and private schools in Belo Horizonte, which allows extrapolation of the data and gives the study external validity.
In contrast, studies conducted in Tanzania and Nigeria did not report a significant association between malocclusion and quality of life in adolescents (27, 28) . These studies used the Child-OIDP and OHIP-14 instruments, the latter being validated for use with adults, to measure quality of life in relation to the oral health of adolescents (27, 28) . Child-OIDP is an instrument validated to measure the impact of oral problems on the daily activities of adolescents (29) , and perhaps for this reason fails to capture the emotional and social impact that malocclusion causes, as demonstrated by the present study.
A systematic review published in 2015 found that results on the association of malocclusion with oral health related quality of life in adolescents varied depending on the country of study. The authors suggest that this difference may occur due to cultural diversities (30) . A Belgian cross-sectional study carried out with 223 adolescents aged 11-16 years demonstrated a significant association between the domains of emotional well-being and social welfare and the need for orthodontic treatment (31) . Another study conducted in Europe (UK) with 957 adolescents aged 16-17 years concluded that adolescents with normative treatment needs presented an inferior quality of life (32) . However, a Nigerian study with 252 children aged 11-14 years did not find an association between malocclusion and quality of life. The author suggests that in developing countries such as Nigeria, due to social pressures and the impact of poverty, oral health may not be seen as a priority. In addition, orthodontic treatment is expensive and inaccessible and children with signs of malocclusion live their daily lives without feeling uncomfortable with their dental appearance (33) . The importance of dental aesthetics in certain sociocultural structures could also explain the differences in the association of malocclusion and quality of life in Brazil and African countries (30) .
The present study is of a cross-sectional variety and, therefore, does not allow the establishment of a causal relationship between malocclusion and OHRQOL. However, this study design allowed a large population-based sample with an epidemiological nature to be obtained, representative of the adolescents of Belo Horizonte (Brazil). It is becoming increasingly necessary to use subjective measures so that, together with clinical criteria, the opinions of adolescents themselves can be considered by clinical dentists when constructing their treatment plans. In addition, the results of the present study demonstrate the importance and necessity of the development of public policies aimed at oral health, such as early diagnosis of malocclusion, since there is a lack of public health programs aimed at performing this diagnosis (34) . We believe that the development of public policies aimed at reducing social inequalities through the expansion of access to health, education, housing and work is essential when it comes to achieving a better quality of life (35) .
In conclusion, this study demonstrated that adolescents with definite, severe and handicapping malocclusion suffered from a greater negative impact on quality of life than those without malocclusion or with mild malocclusion. Emotional and Social Well-Being were the most affected aspects. *P < 0.05; **P < 0.01; ***P < 0.001.
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